Transdermal drug delivery offers many advantages over the conventional dosage forms. Transdermal drug delivery system allows delivery of contained drug into the systemic circulation via permeation through skin layers at a controlled rate. These systems are easy to apply and remove as and when desired.
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Ashu MITTAL, a Udai Vir Singh SARA, b Asgar ALI, c and Mohammed AQIL* ,c trol 2 group) and to study the effect of surfactants, saturated fatty acids, isopropyl myristate and dimethyl sulphoxide on permeation of NTP, the drug and enhancer solution were prepared in 40 : 60 isopropyl alcohol to phosphate buffer, pH 7.4 (control 1 group). Skin Permeation Studies Ex-vivo skin permeation studies were performed on the skin of various animal models like rats, guinea pigs, rabbits, hairless mouse skin, shed snake skin and human cadaver skin. 10) In this study albino rat abdominal skin and heat separated human cadaver skin were used. The Rat abdominal skin and Human cadaver skin were procured only after institutional ethical committee approved the studies. The latter were conducted in accordance with standard institutional guidelines.
Preparation of Human Cadaver Skin Human skin was acquired from Department of Anatomy, ITS-Centre for dental studies and Research, Muradnagar. The subcutaneous fatty tissue was removed using a scalpel. The skin was cut into pieces, wrapped in aluminium foil and stored in polyethylene bags in a freezer at Ϫ20°C until use. The maximum storage time was 2 months. Previous experiments had shown that neither the penetration characteristic nor the thickness of the SC was affected after a freezing period of 3 and 6 months, respectively. 6, 11) For permeation experiments the epidermis was prepared using heat separation technique. 12) Briefly, the skin pieces were immersed in water heated at 60°C. After 120 s the skin was taken out of the water and placed on a filter paper (dermal side down). Subsequently, the SC and viable epidermis were carefully dissected from the dermis using forceps. Afterwards, the heat separated skin (HSS) was properly stored and used within 2 d.
Preparation of Rat Skin Full thickness abdominal skin of albino rat was harvested. The subcutaneous fatty tissue was removed manually using forceps and scissors. The hair of the rat was removed with an electric shaver. The skin was wrapped in aluminum foil and stored in polyethylene bags in a freezer at Ϫ20°C until use. The maximum storage time was 2 months.
Ex-Vivo Skin Permeation Experiment Ex-vivo skin permeation study with rat abdominal skin and HSS was performed using Franz-type cells with effective permeation area of 2.26 cm 2 . Before the experiment, the skin was taken out and thawed until it reached room temperature and was kept soaked in phosphate buffer solution for 1 h. It was gently blotted dry with filter paper. The integrity of the skin was tested microscopically before use in the diffusion cell to detect any histological change. No significant histological changes were observed. The prepared rat abdominal skin and HSS were fastened carefully between the donor and receptor compartment in the diffusion cell so that the stratum corneum faced the donor side. The donor vehicle consisted of 10 ml of either 40 : 60 isopropyl alcohol to phosphate buffer (pH 7.4) or 60 : 40 isopropyl alcohol to phosphate buffer (pH 7.4) to which NTP and 5% (w/v) or 5% (v/v) of different enhancers were added. The receptor cell was filled with 10 ml of either 40 : 60 isopropyl alcohol to phosphate buffer (pH 7.4) or 60 : 40 isopropyl alcohol to phosphate buffer solution (pH 7.4) and was maintained at 37°C using a water jacket. The receptor phase was stirred constantly at 500 rpm with a magnetic bar. An aliquot of the receptor fluid was withdrawn periodically and replaced with the same volume of either 40 : 60 isopropyl alcohol to phosphate buffer (pH 7.4) or 60 : 40 isopropyl alcohol to phosphate buffer solution (pH 7.4) .The concentration of NTP in the receptor was determined by UV-Vis double beam spectrophotometer (Systronics 2202, India) at l max 355 nm. 13) Data Analysis The cumulative amount of NTP transferred into the receptor side and permeation kinetics parameters were calculated. Permeation profiles of NTP were constructed by plotting cumulative amount of drug permeated per unit area as a function of time. The graph showed an initial lag time followed by linear phase which was consistent with steady state fickian diffusion. The X-intercept of the extrapolated linear region of the profile gave lag time (Lt) and maximum flux was calculated from the slope. In all experiments the same number of data points was taken to calculate the flux (J). The apparent permeability constant, P app (cm Ϫ1 ) was calculated according to Fick's law of diffusion based on the steady state flux, J, and applied drug concentration of the donor phase.
Diffusion coefficient (D) and activity coefficient (K) can be obtained from the following equations:
Where h is the thickness of the epidermis. Because it is generally accepted that most molecules permeate through SC mainly by a tortuous intercellular route, the thickness of the epidermis is not equal to the diffusion path length. 14, 15) But it is difficult to determine the diffusion path length correctly. D/h 2 and Kh are replaced with DЈ and KЈ, respectively. So the equation becomes
Where DЈ is the diffusion parameter and KЈ is the activity parameter. The following equations were used to evaluate the effect of the enhancers on permeability coefficient, lag time and flux: EIϭ(P app ) with enhancer/(P app ) without enhancer (6) Krϭ(KЈ) with enhancer/(K) without enhancer (7) Drϭ(Lt) without enhancer/(Lt) with enhancer (8) Where EI is the enhancer index, Kr is the relative activity parameter. Dr is the relative diffusion parameter.
Statistical Analysis Graph Pad Instat Version 3.0 Software was used for statistical analysis. Student's t-test was performed on the NTP permeation parameters at p-value of 0.05.
RESULTS AND DISCUSSION

Solubility Studies
The solubility of NTP was found to be 5.67 mg/ml in 40 : 60 isopropanol : phosphate buffer, pH 7.4, and 9.64 mg/ml in 60 : 40 isopropanol : phosphate buffer, pH 7.4, which was sufficient to maintain the sink conditions.
Ex-Vivo Skin Permeation
The relative activity parameter (Kr) indicates the effect of enhancer on the thermodynamic activity of drug in SC whereas the relative diffusion parameter (Dr) relates to lag time. Higher the Kr value, higher the thermodynamic acivity and higher the Dr value, the lower the lag time value. Diffusion parameter of drug increased as the enhancer molecules form microcavities within the lipid bilayers and hence increasing the free volume fraction. 16.17) A lag time increases as the diffusion path length increases. During lag-time period the permeation of drug increases gradually and reaches a steady state after the lag time. Some enhancers may extend lag time because of slower enhancement effect, which results in a gradual increase in the membrane permeability in the early stages of the diffusion process leading to higher flux. An enhancer increases the penetration of drug through the epidermis either by increasing the thermodynamic activity of the drug in SC or decreasing the tortuous intercellular pathway in SC, or both. 18) An increase in the thermodynamic activity and/or a decrease in diffusion path length can be attributed to either one or more of the following mechanisms, extraction of SC lipids, fluidization of lipids, increasing the solubility of the drug and enhancer in SC and interaction between keratin and enhancer.
Effect of Fatty Acids on NTP Penetration through Rat and Human Cadaver Skin Fatty acids are known to be potent enhancers of the penetration of several drugs through skin. [19] [20] [21] [22] [23] [24] To observe penetration enhancing effect of the fatty acids, permeation of NTP in vehicles containing various individual fatty acids was determined using Franz-type diffusion cells with excised rat skin and heat separated human cadaver skin. The permeation profile of NTP from these vehicles containing fatty acids used for this study is shown in Figs. 1-4 and Tables 1, 2. The permeation constants of NTP with these fatty acids were 6-13 fold higher than the control vehicle (without fatty acids). OA demonstrated the maximum increase in permeability coefficient followed by CA, LA and MA in that order. The overall increase in the NTP perme- ation due to OA was attributed to the increase in D and K, though D appeared to be a dominant contributor to NTP permeation enhancement as OA increased the D value significantly in comparison to other enhancers (Table 1) . OA also initiated the permeation enhancement action earlier to other enhancers as reflected by a significant decrease in lag time (Table 1) . Among the fatty acids unsaturated fatty acid (OA) was a more effective enhancer than the corresponding saturated acids. Oleic acid has been shown to be an effective penetration enhancer for several other chemicals. 25, 26) OA is likely to penetrate into the barrier domain due to the great similarity with stratum corneum. Once incorporated, the 'Kinked' structure (arising from the cis double bond) of oleic acid will disrupt and increase the fluidity of the lipid packing, and hence ,decreasing the diffusional resistance to permeants. 16, 17, 26) It has also been reported that oleic acid decreased the diffusional path length due to generation of pores on the surface of epidermal corneocytes. 25) Oleic acid has also been found to decrease the phase transition temperatures of the skin lipids with a resultant increase in motional freedom or fluidity of these and hence decrease diffusional resistance. 27, 28) Moreover it was observed that NTP permeation through the rat skin was higher than the human cadaver skin (Table 4 , Figs. 1-4) , this is in conformity to previous report that rat skin is more permeable than human cadaver skin.
29)
Effect of Essential Oils on NTP Penetration through Rat and Human Cadaver Skin
The permeation constant of NTP penetration with studied essential oils were 10-12 fold higher than the control vehicle (without essential oils). Basil oil demonstrated the maximum increase in permeability coefficient followed by petitgrain oil, palmarosa oil and thyme oil in that order (Tables 1-4) .
Essential oils have shown good penetration enhancing effects on various drugs. 30) All the essential oils used in this study increased the Kr value significantly (Tables 3, 4) . Because Kr value of all essential oils were well above unity the increase in the drug permeation was attributed to increase in the thermodynamic activity probably due to the increased solubility of NTP in SC lipids. The higher solubility of NTP in SC promoted its permeation. Essential oils alter the solubility properties and enhance the permeation by increasing the drug partitioning into the SC. 31, 32) In the present study it was also observed that essential oils provided Dr value less than unity which would be attributed to increase in diffusion path length and lag time or a gradual increase in membrane permeability leading to higher permeation. 33) An increase in the concentration of the penetrant in the outer layers of the stratum corneum will increase the concentration of the gradient across this membrane thereby gradually increasing the flux.
34)
Effect of Surfactants, Isopropyl Myristate (IPM) & DMSO on NTP Permeation through Rat and Human Cadaver Skin
Surfactants have been employed to enhance the permeation rates of several drugs. [35] [36] [37] In the present study, Tween 20, Tween 80 and SLS showed increase in the D value while Span 80 showed increase in K value. Span 80 demonstrated the maximum increase in permeability constant followed by Tween 80, Tween 20 and SLS (Tables 1, 2 ). Permeation constant of NTP permeation with these surfactants were 4-9 fold higher than the control vehicle (without these surfactants) (Tables 2, 3 ).
DMSO and IPM were found to be least effective penetration enhancers for NTP. DMSO had modest influence on the permeability of NTP, which might be due to its ability to accelerate the skin permeation of a wide variety of compounds including steroids, salicylates, and antimycotics at higher concentration (Ͼ60%). 38, 39) Although these improvements are often obtained at high strengths of DMSO (Ͼ60%), we preferred to test low concentrations of DMSO because we were concerned with the toxicity of DMSO at high concentrations. Low concentrations of DMSO were also reported to improve penetration for various drugs. [40] [41] [42] At low concentration activity of DMSO as enhancer is due to partitioning into the keratin regions. At higher concentrations they in- crease lipid fluidity by disruption of lipid packing as a result of salvation shell formation around the polar head groups of the lipids. 43, 44) However, we did not see any significant effect of DMSO on permeability of NTP and it appears that lipid fluidity plays a main role in NTP permeation rather than denaturation of intercellular structural proteins of the stratum corneum. IPM was found to be least effective penetration enhancer for NTP. IPM showed insignificant permeation in other drugs also. 45, 46) CONCLUSION The above investigations have demonstrated that the enhancers facilitated higher permeation rates of NTP across both human cadaver skin and albino rat skin. The results have clearly shown that the permeation of NTP differs from species to species. Oleic acid was the most effective penetration enhancer followed by basil oil. OA also initiated the permeation enhancement action earlier to other enhancers as reflected by a significant decrease in lag time. Saturated fatty acids, petitgrain oil, thyme oil, palmarosa oil and surfactant (S80) have shown modest enhancing effect. DMSO, IPM and surfactants (SLS, T20, T80) have shown least enhancement. 
